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(54) FLUORESCENT LAMP, DISCHARGE LAMP AND LIQUID CRYSTAL BACKLIGHT DEVICE 
INCORPORATING THIS 



(57) A fluorescent lamp of this invention has a phos- 
phor film formed on the inner wall surface and a dis- 
charge medium containing xenon-gas filled in the glass 
tube having the sealing portions at both ends. In this one 
iend in the glass tube, an inner electrode is arranged and 
a first feeding lead wire connected to this inner electrode 
is connected to one of the sealing portion by penetrating 
airtight. On the outer surface of the glass tube, an outer 
electrode composed of a conductor spirally wound 



round it along the axial direction of the tube. At the other 
end of the glass tube, a second feeding lead wire Is bur- 
ied in the sealing portion and the other end is lead out 
of the glass tut>e. The end of this outer electrode is elec- 
trically connected to the second feeding lead wire and 
mechanically fixed there. Further, the outer surface of 
the outer electrode including the glass tube is covered 
with a translucent resin film layer and thereby, fixing the 
outer electrode to the outer surface of the glass tube in 
one united body. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates to a fluorescent lamp 5 
and a discharge lamp and more particularly to a fluores- 
cent tamp that is suited for a light source for the back- 
lighting liquid crystal displays that are used in various 
electronic devices such as personal computers, car- 
navigation displays, etc. io 

BACKGROUND OF THE INVENTION 

[0002] A fluorescent lamp is used as a light source for 
the backlighting of liquid crystal displays to irradiate unl- is 
form light to liquid crystal panels from the back in liquid 
crystal displays that are used in, for instance, personal 
computers or car-navigation displays. Accompanied 
with demands for large-sized, thin and high perform- 
ance display area of liquid crystal displays, stable and 20 
sufficient light intensity, uniform distribution of lumi- 
nance in the axial direction of lamp tube in the wide tem- 
perature range from -AO^C to 85° or under the control 
of light intensity from several % to 100%. are demanded 
. for a fluorescent lamp itself as a light source for the back- 25 
lighting jointly for small-sized luminance tube diameter 
and extended tube length. 

[0003] However, because the light intensity of the 
conventional fluorescent lamp which contains mercury 
as discharge gas Is insufficient at a low ambient temper- 30 
ature and mercury may cause the environmental pollu- 
tion, the development of a fluorescent lamp without us- 
ing mercury gas is dennanded. 
[0004] A small discharge lamp or a fluorescent lamp 
using inert gas such as neon gas, krypton gas or xenon 35 
gas is disclosed in Japanese Laid-Open Patent Publi- 
cation (Kokai) No. 57-63756. In this discharge lamp, one 
of two electrodes is provided in a glass tube and the oth- 
er electrode is provided outside the glass tube. One of 
the electrodes is provided which extends along an al- <o 
most entire length of a glass tube and the other elec- 
trode is provided on the outer surface of the glass tube 
against the electrode provided in the glass tube. It was 
disclosed that this lamp is a small discharge lamp with 
diameter of 2 - 10 mm and 50 - 200 mm long, which is 45 
used as a luminous display for displaying characters, 
numerals or symbols, in which a single lamp or piurarity 
of lamps having a straight or curved tube is or are used. 
It is also disclosed that such lamps are used as an en- 
ergy-saving pilot lamp or a beacon light. so 
[0005] However, for the conventional discharge lamp 
or the fluorescent lamp in this structure, it is difficult to 
keep a uniform discharge distance from the inner elec- 
trode to the outer electrode along the overall length of 
the inner electrode and as a result, such problems are 55 
caused that a partial discharge is produced and a stable 
positive column cannot be formed on the entire length 
of a glass tube. In other words, since a slender fluores- 
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cent lamp using a glass tube of 1.6 - 10 mm in outer* 
diameter and 100 - 500 mm in length, for example, is 
used for a backlighting source of a liquid crystal display, 
it is extremely difficult, in view of the manufacturing tech- 
nology, to provide electrodes having a uniform dis- 
charge distance along the entire length of the glass tube. 
[0006] Further, in a liquid crystal display, a fluorescent 
lamp is often subject to influence of vibration depending 
on the using condition and the inner electrode is de- 
formed locally. Therefore, it is difficult to maintain a dis- 
charge distance at always constantvatue. 
[0007] Furthermore, glass tubes having complicated 
shapes such as W or U-shaped tube may be often used 
for the backlighting sources in the liquid crystal displays. 
However, it is extremely difflcu It for the glass tube having 
such structure to form the electrodes having a uniform 
discharge distance between the inner electrode and the 
outer electrode along the entire length of them. 
[0008] Further, even if a glow discharge region is 
formed along the entire length of the discharge lamp or 
the fluorescent lamp having the structure described 
above, there was a problem that electrons are actively 
emitted around an inner electrode and thus a diffused 
positive column is hardly formed therby resulting a phe- 
nomenon that generation of ultraviolet rays is 
suppressed , in particular when a discharge medium 
containing xenon is used as discharge gas. Accordingly, 
when this type of the electrode structure is used for a 
fluorescent lamp having a glass tube inner wall of which 
is coated with phosphor for generatining luminance ex- 
cited by ultraviolet rays, sufficient brightness cannot be 
obtained. 

[0009] For the purpose of solving such problems in- 
volved in the conventional fluorescent lamps as de- 
scribed above, ths applicant of the present invention 
filed an application as PCT/JPOO/06491 (International 
Filing Date: September 22. 2000) for a fluorescent lamp 
comprising a glass tube both ends of which are sealed 
airtight and filled with a discharge medium; a phosphor 
layer formed on an inner surface of the glass tube; an 
inner electrode arranged at one end of the glass tube 
and being given a electric potential; and an outer elec- 
trode composed of a conductor spirally wound round the 
glass tube between the both ends along an axis the tube 
at a prescribed pitch and being given with another elec- 
tric potential. 

[0010] It is an object of the present invention to pro- 
vide a discharge lamp or a fluorescent lamp which are 
capable of stably emitting sufficient bright light for the 
entire length of a glass tube composing the discharge 
lamp by further improving the invention described 
above. 

[001 1] It is a further object to provide a discharge lamp 
or a fluorescent lamp capable of stably emitting light in 
an uniform luminance distribution for the overall length 
of a glass tube composing the discharge lamp or the 
fluorescent lamp. 
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SUMMARY OF THE INVENTION 

[0012] A fluorescent lamp according to the present in- 
vention connprises a glass tube having both ends sealed 
airtight and containing a discharge medium filled there- 
in, a fluorescent layer formed on the Inner wall of the 
glass tube, an inner electrode arranged at one end of 
the glass tube which is given with one electric potential, 
and an outer electrode composed of a linear conductor 
spirally wound around the glass tube between its both 
ends at a prescribed pitch along an axis of the tube and 
is given with another electric potential, the outer elec- 
trode is so designed as to satisfy the formula: 

wxn ^ 0.3 

where w(cm) is a width of the conductor comprising the 
outer electrode and n(tums/cm) Is the average number 
of turns of the conductor in the unit length in the axial 
direction of the glass tube. 

[0013] Further, a fluorescent lamp according to the 
present invention comprises a glass tube with a phos- 
phor film fonned on the inner surface thereof and with 
sealing portions so formed at each end thereof that a 
discharge medium is filled therein, a first feeding lead 
wire penetrating one of the sealing portions of the glass 
tube airtight, an inner electrode connected to an end of 
the feeding lead wire extending into the glass tube, a 
second feeding lead wire composed of a linear conduc- 
tor which is spirally wound around an outer surface of 
the glass tube along an axial direction of the glass tube 
and an end of which is electrically connected to the sec- 
ond feeding lead wire, wherein the outer electrode is so 
designed that a winding pitch of the linear conductor be- 
comes continuously or stepwisely small conresponding 
to a distance from the Inner electrode in the axial direc- 
tion of the glass tube. 

[0014] Further, a fluorescent lamp according to the 
present invention comprises a translucent tube with 
sealing portions formed at its both ends, a phosphor film 
formed on an Inner surface of the translucent tube, a 
discharge medium containing rare gas filled in the trans- 
lucent tube, a first feeding lead wire penetrating one of 
the sealing portions of the translucent tube and sealed 
therein airtight, an inner electrode provided at an end of 
the first feeding lead wire, and an outer electrode com- 
posed of a linear conductor which is spirally wound 
around the translucent tube for almost entire length of 
the tube in its axial direction and an end of which is con- 
nected to the second feeding lead wire, wherein the out- 
er electrode is provided with a tube power increasing 
means at a portion where a disturbed diffused positive 
column or a constricted positive column is generated in 
the translucent tube when the fluorescent lamp is oper- 
ated. 

[0015] Further, in the fluorescent lamp according to 
the present invention, a winding pitch of the spirally 



wound linear conductor at the tube power increasing 
means is smaller than the winding pitch at the portion 
facing an adjacent diffused positive column. 
[0016] Further, the fluorescent lamp according to the 

5 present invention comprises a long and slender trans- 
lucent airtight container, a phosphor film formed on an 
inner surface of the translucent container, an Inner elec- 
trode provided in the translucent airtight container , a 
discharging medium primarily composed of rare gas 

10 filled in the translucent airtight container, and an outer 
electrode composed of a conductive coil which is sub- 
stantially in contact with an outer surface of the translu- 
cent airtight container extending along its longitudinal 
direction apart from the inner electrode and which ena- 

15 bles to generate discharge in the translucent container 
between the outer electrode and the inner electrode, 
wherein the outer electrode containes at least one point 
of inflection where the winding pitch of the coil change 
from a small value to a large value. 

20 [0017] Further, a fluorescent lamp according to the 
present invention comprises a long and slender trans- 
lucent airtight container, a phosphor film formed on the 
inner surface of the translucent container, a pair of inner 
electrodes sealed in the translucent container at both 

25 ends, a discharge medium primarily composed of rare 
gas filled in the translucent airtight container, and an out- 
er electrode formed with a linear conductor coil which is 
wound around the outer surface of the translucent air- 
tight container along a longitudinal direction of the trans- 

30 lucent airtight container at a prescribed pitch and which 
generates the discharge between the outer electrode a 
nd the pair of inner electrodes, wherein a winding pitch 
of the outer electrode becomes minimum in a region pH 
facing a pair of constricted positive columns PCs gen- 

35 erated in the translucent airtight container when the flu- 
orescent lamp is in operation, becomes maximum at 
both ends In a region pV facing a diffused positive col- 
umn PCd generated in the translucent airtight container, 
and decreases stepwisely from the both ends toward the 

40 central portion. 

[0018] Further, a discharge lamp according to the 
present invention comprises a translucent tube having 
sealing portions fomfied at its both ends and being fliled 
with a discharge medium, an inner electrode which is 

45 arranged at one end of the translucent tube and is given 
with an electric potential, and an outer electrode which 
is composed of a linear conductor which is spirally 
wound around the translucent tube between the both 
ends along an axis of the translucent tube at a pre- 

50 scribed pitch and is given with another potential, where- 
in the outer electrode is so designed as to satisfy the 
formula: 



55 



w X n ^ 0.3 

where w(cm) is the width of the linear conductor forming 
the outer electrode and n(times/cm) is the average 



3 




EP 1 152 



number of turns of windings per unit length in the axial 
direction of the translucent tube. 
[0019] Further, a discharge lamp according to the 
present invention comprises a long and slender trans- 
lucent tube having sealing portions formed at both ends 5 
so as to fill with a discharge medium within the translu- 
cent tube, a first feeding lead wire penetrating airtight 
one of the sealing portions of the translucent tube, an 
inner electrode connected to the end of the feeding lead 
wire at a portion extended into the translucent tube, and io 
an outer electrode composed of a linear conductor 
which is spirally wound around the outer surface of the 
glass tube in the axial direction of the tube and an end 
of which is electrically connected to a second feeding 
lead wire, wherein the outer electrode Is so designed is 
that a winding pitch of the linear conductor becomes 
small continuously or stepweisely in an axial direction 
of the translucent tube corresponding to a distance from 
the inner electrode. 

[0020] Further, a discharge lamp according to the 20 
present invention comprises a translucent tube having 
sealing portions formed at its both ends, a discharge 
medium including rare gas filled in the translucent tube, 
a first feeding lead wire sealed penetrating airtight one 
of the sealing portions of the translucent tube, an inner 25 
electrode provided at an end of the first feeding lead 
wire, and an outer electrode composed of a linear con- 
ductor which is spirally wound around the translucent 
tube for almost entire length in an axial direction of the 
tube and an end of which is connected to a second feed- 30 
ing lead wire, wherein the outer electrode Is provided 
with a tube power increasing means a ta portion facing 
a disturbed diffused positive column or a constricted 
positive column generated in the translucent tube when 
the discharge lamp is in operation. 35 
[0021] Further, a liquid crystal backlighting device ac- 
cording to the present invention comprises a main body 
of the liquid crystal backlighting, a fluorescent lamp ar- 
ranged in the main body and a lighting circuit to operate 
the fluorescent lamp. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

45 

FIG. 1 Is a side view of a fluorescent lamp showing 
a first embodiment according to the present inven- 
tion; 

FIG. 2 is a diagram showing a vertical sectional view 
of the fluorescent lamp shown in FIG. 1 and show- so 
ing a structure with a lighting circuit: 
FIG. 3 is an enlarged side view of the fluorescent 
lamp shown in FIG. 1; 

FIG. 4 is a graph showing a relation between a w x 
n value and a lowest tube voltage Vrms of an outer 55 
electrode 16 in the fluorescent lamp according to 
the present invention; 

FIG. 5 is a graph showing a relation between a w x 
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n value and a tube wall temperature T of an outer 
electrode in the fluorescent lamp according to the 

present invention; 

FIG. 6 is a vertical sectional view showing the fluo- 
rescent lamp in a second embodiment according to 
the present invention; 

FIG. 7 is a graph showing a luminance intensity dis- 
tribution in an axial direction of the fluorescent lamp 
shown in FIG. 6 by comparing with that of the fluo- 
rescent lamp shown in FIG. 1; 
FIG. 8 is a side view showing the fluorescent lamp 
in a third embodiment according to the present in- 
vention: 

FIG. 9 is a vertical sectional view showing the fluo- 
rescent lamp in the third embodiment according to 
the present invention; 

FIG. 10 is a sectional diagram showing a constrict- 
ed positive column and a diffused positive column 
generated when the fluorescent lamp according to 
the present invention described is turned on and a 
graph showing a distribution of winding pitches and 
luminance in a longitudinal direction of a discharge 
lamp; 

FIG. 11 is a diagram showing a fourth embodiment 
according to the present invention, wherein (a) in 
FIG- 1 1 is a vertical sectional view of the fluorescent 
lamp and (b) is a graph showing the distribution of 
the winding pitches of the outer electrode; 
FIG. 12 is a sectional view of essential portions 
showing an embodiment according to the present 
invention applied to a liquid crystal display back- 
lighting device. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

[0023] Preferred embodiments according to the 
present invention will be described below in detail refer- 
ring to the drawings. 

[0024] FIG. 1 is a side view showing a stnjcture of a 
fluorescent lamp according to the present invention and 
FIG. 2 is a vertical sectional view showing the fluores- 
cent lamp including a lighting circuit. 
[0025] As shown in these diagrams, the fluorescent 
lamp according to the present invention has a glass tube 
11 which functions as a luminous tube. The glass tube 
11 are sealed airtight at both sides where sealing por- 
tions 12a. 12b are formed. A phosphor film 13 is formed 
on an inner surface of the glass tube 11 . 
[0026] Here, the glass tube 1 1 has an outer diameter 
of 1.6 - 10 mm and a length of 50 - 500 mm. An airtight 
inner space of the glass tube 11 is filled with a discharge 
medium, for example, such a rare gas as xenon gas or 
a mixed rare gas of xenon gas as a main component 
with other one or plurarity of rare gases. 
[0027] A first feeding lead wire 14a is provided at the 
sealed portion 1 2a of the glass tube 1 1 . wherein the wire 
14a penetrates the portion into the inside the tube and 
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is seated airtight. A cylindrical inner electrode 15 is pro- 
vided at an end of the lead wire that is extended to the 
inside of an airtight space. The inner electrode 15 has 
a cylindrical body of about 2.0 mm inner diameter and 
of about 4.0 mm long with a bottom provided at one end. 5 
The inner electrode 15 is made, for example, of an Ni 
plate. Further, in order to lower a tube voltage, it is pos- 
sible to provide an electron emission material on an in- 
ner and outer surfaces of the inner electrode. The elec- 
tron emission material referred to here is a material that io 
is used for a cold cathode fluorescent lamp and is made 
of primarily, for example, alkaline earth metal of barium 
oxide and boric matterials of rare earth elements such 
as boric lanthanum. However, the body of the inner elec- 
trode 15 may be formed in a column, flat or in a V-shape ^5 
using Ni or Ni metal such as Ni alloy. When forming it in 
the cylindrical or in the column shape, it is desirable to 
form it in the structure of a truncated cone or a cone of 
which end surface diameter opposite to the discharge 
space is reduced. Further, the size of the inner electrode 20 
is generally designed to be 0.6 * 8.0 mm in the outside 
diameter and 2-10 mm in its length. 
(0028] Next, the first feeding lead wire 14a is a linear 
or bar shaped wire made of kovar or tungsten having a 
diameter of about 0.4 mm. One end of the lead wire is 25 
connected to the cylindrical bottom surface of the inner 
electrode by welding or caulking and the other end is 
led out of the sealed portion 12a of the glass tube 11. 
[0029] Further, on the outer surface of the glass tube 
11. there is provided an outer electrode 16 made of a 30 
conductor of a Ni wire having a diameter of about 0.1 
mm which is wouned spirally along the entire length in 
an axial direction (not shown) of the tube. This outer 
electrode 16 may be formed with an Ni or Cu wire of 
0,05 ~ 0.5 mm in diameter. 35 
[0030] The outer surface of the outer electrode 16 
thus constructed is covered by a resin film layer 17 such 
as. for instance, a translucent heat shrinking tube which 
fixes the electrode so that the pitch of the electrode does 
not change in the axial direction. For the resin film layer 
17. tubes or films made of heat shrinking polyethylene 
terephthalate resin, polyimide resin or fluorine con- 
tained resin having moderate heat resistance are desir- 
able. Since the outer surface of the outer electrode 16 
is covered and fixed with the heat shrinking resin film 45 
layer 17, its pitch can be kept always at a prescribed 
value, thereby uniform light being emitted along the axial 
direction of the tube and a high light output being ob- 
tained. That rs, in the fluorescent lamp according to the 
present invention having a structure described atK>ve, so 
the outer electrode 16 is wound spirally around the outer 
surface of the glass tube 11 at a prescribed pitch. This 
winding pitch affects the luminance distribution and the 
magnitude of a light output along the axial direction of 
the tube. Therefore, the outer surface of the glass tube 55 
wound with the outer electrode 16 is covered with the 
translucent resin film layer 1 7 so that the outer electrode 
1 7 is insulated and protected, and that the spiral winding 
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is closely fixed to the outer surface of the tube 11 . 
[0031] Next, the other sealing portion 1 2b of the glass 
tube 11 is provided with a second feeding lead wire 14b, 
one end of which js buried therein and the other end of 
which is led of the glass tube 11. This lead wire 14b 
should be kept away from contacting a discharge medi- 
um. The second feeding lead wire 14b is a wire rod 
made of, for instance, an Ni wire, a kovar wire or dumet 
wire having an outer diameter of 0.1 - 2.0 mm. It may 
be made of a ribbon shaped foil or a thin plate of Ni or 
Mo. The second feeding lead wire 14b can be buried in 
the seating portion 12b in a method of making a bead 
stem by covering a surface of the second feeding lead 
wire 14b with a glass insulating layer, placing the stem 
in the end of the glass tube 11, and sealing the glass 
tube 11 by heating with a burner. It may be also buried 
by a method of inserting one end of the second feeding 
lead wire 14b into one end of the glass tube 11 before 
sealing and then, burying it by heating the end of the 
glass tube with a burner. 

[0032] Around a portion of the second feeding lead 
wire 14b led to the outside of the glass tube 11, an end 
portion of the outer electrode 16 is wound for being con- 
nected and fixed to the lead wire 14b by an electric weld- 
ing, soldering or caulking. 

[0033] Next, a prescribed high frequency pulse volt- 
age, for instance, having a frequency of 20 100 kHz 
and a pulse voltage of 1 - 6 kV is applied to the inner 
electrode 15 and the outer electrode 16 from a lighting 
power source 18 including an inverter via the first and 
second feeding lead wires 14a, 114b. power feed lines 
18a. 18b and a capacitor 19. respectively. As a result, 
the discharge starts between the inner electrode 15 pro- 
vided near the end of the glass tube 11 and the outer 
electrode 16 provided on the outer surface of the glass 
tube 1 1 , wherein ultraviolet rays are radiated in the glass 
tube 1 1 , The ultraviolet rays thus radiated excite a phos- 
phor film 13 on the inner surface of the glass tube 11. 
and is converted into visible rays which are radiated to 
the outside of the glass tube 1 1 . The glass tube 1 1 , thus, 
functions as a fluorescent lamp. Here, the outer elec- 
trode 16 is nomially grounded during the lighting oper- 
ation.in order to reduce generation of a noise and a leak 
current to the outside of the tube. 
[0034] In the fluorescent lamp thus constructed, it was 
revealed that the operating state of the fluorescent lamp 
is affected by the structure of the outer electrode 16 as 
described below. That is, when the length of the outer 
electrode installed in the axial direction is L (cm), the 
width of the conductor is w (cm) and the number of av- 
erage turns per unit length of the conductor in the axial 
direction of the glass tube is n as shown in FIG, 3, the 
value of w X n has a relationship with a minimum tube 
voltage Vrms at which the luminance of the fluorescent 
lamp spread over the whole region along the axial di- 
rection of the tube or a tube wall temperature T as shown 
in FIG. 4 and FIG. 5, respectively. 
[0035] Here, the conductor width W is a width of a 
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shadow of the conductor projected on the outer surface 
of the glass tube in parallel lights from the nominal di- 
rection of the contact plane to the outer surface of the 
glass tube at the portion where the conductor is wound. 
Further, the number of average turns n(times/cm) of the 5 
conductorcan be calculated from a formula 

n = N/L 

10 

where N(times) is a total turns of the outer electrode and 
L(cm) is a length of the portion of the outer surface of 
the glass tube where the outer electrode is wound. 
[0036] Namely, y-axis in FIG. 4 shows the minimum 
tube voltage Vrms required for emitting lights throughout i5 
a region (a discharge chamber) along the glass tube 11 . 
The voltage Vrms has a constant value of about 900 
Volts as seen from FIG. 4. The reason for requiring such 
relatively high value of the minimum tube voltage is con- 
sidered to be reduced to the fact that a total electrostatic 20 
capacity between the outer electrode 16 and the inner 
surface of the glass tube 11 is relatively smaller than 
that of. for example, a plate shaped electrode due to the 
structure of the coil shaped outer electrode 16 and. thus, 
an impedance of the whole fluorescent lamp becomes 25 
high. 

[0037] On the contrary, y-axis in FIG. 5 shows the tube 
wall temperature T^'C near the inner electrode 15 while 
the fluorescent lamp is turned on at the minimum tube 
voltage, which rises in proportion to the value of w x n. 30 
From FIG. 5. It is understood that the tube wall temper- 
ature T exceeds 1 50*^0 when the value of wxn exceeds 
0.3. The reason for the rise of the tube wall temperature 
is considered because the total electrostatic capacity 
between the outer electrode 16 and the inner wall sur- 35 
face of the glass tube 1 1 increases when a value of wxn 
increases and thus, the impedance of the whole fluores- 
cent tamp becomes low. As a result, discharge current 
between the outer electrode 16 and the inner electrode 
1 5 increases. Therefore, it is possible to control the tem- 40 
perature rise within a prescribed range by selecting the 
value of wxn to a prescribed value under such an use 
environment that the temperature rise becomes a spe- 
cial problem. 

[0038] For example, when a fluorescent lamp is used ^5 
as a power source of a backlight for a liquid crystal dis- 
play, it is necessary to control the tube temperature so 
as not to exceed a heat resisting temperature (150**C) 
of structural elements, especially a light conducting 
plate, used near the backlight. In FIG. 5, the value of so 
wxn is 0.3 when the tube wall temperature T becomes 
ISO^'C and it is therefore possible to execute stable dis- 
charge and luminance operation while maintaining the 
tube wall temperature constantly below ISC'C with the 
design of the lamp satisfying the formula of w x n ^ 0.3. 55 
[0039] Further, since the tower limit value of the wxn 
is 0.01 according to the graph shown in FIG. 5. it is there- 
fore desirable to keep the value of wxn within a range 
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of 0.01 - 0.3. 

[0040] Thus, it was conflrmed that rise of the tube wall 
temperature can be suppressed and that stable lighting 
and a uniform luminance distribution are easily secured 
even when a relatively high voltage is applied between 
the outer electrode 16 and the inner electrodes 15. such 
voltage being required for the luminance in all area 
along the axial direction of the glass tube. 
[0041] FIG. 6 is a side view of a fluorescent lamp 
showing a second embodiment of the present invention. 
In FIG, 6, the same or similar component elements as 
those of the fluorescent lamp shown in FIG. 1 are as- 
signed with the same reference numerals for avoiding 
a duplicated explanation , and different portions will be 
explained below, 

[0042] In the fluorescent lamp according to the em- 
bodiment, the winding pitch of an outer electrode 26 
changes along the axis of the glass tube. That is, the 
winding pitch of the outer electrode 26 is nan-owed suc- 
cessively according to a distance along the tube axis 
from the inner electrode 1 5. It is conflrmed that the dis- 
tribution of luminance intensity in the axial direction of 
the tube while a luminance lamp is turned on becomes 
nearly uniform with the outer electrode 26 described 
above. 

[0043] Curve A in FIG. 7 shows the distribution of lu- 
minance intensity (relative value) in the axial direction 
of the tube while the fluorescent lamp is turned on. It is 
confirmed that the almost uniform luminous intensity is 
presented over the entire length of the fluorescent lamp. 
For a comparison purpose, the similar measuring result 
is shown by the curve a obtained with the fluorescent 
lamp in the flrst embodiment, in which the outer elec- 
trode having the winding with the uniform pitch as shown 
in FIG, 1 is used. 

[0044] Although, in the second embodiment, the 
winding pitch of the outer electrode 26 was decresed 
continuously according to the distance from the inner 
electrode 15 along the axis of the glass tube, the pitch 
is not necessarily changed continuous but may be 
changed in stepwise. Here, the stepwise change of the 
winding pitch is obtained with such various means de- 
scribed below. That is, the portion of the outer surface 
of the glass tube around which the conductor is wound 
is divided into more than 2 secttons with respect to the 
axial direction of the glass tube, wherein 

(a) a conductor is wound at a uniform pitch for each 
section and the winding pitch in each section chang- 
es gradually as the section is away from the inner 
electrode; 

(b) the winding pitch in each section changes con- 
tinuously within a range which is defined by an up- 
per and a lower limit at both ends of each section 
and a mean winding pitch per unit length in each 
section changes optionally with respect to a dis- 
tance from the inner electrode; 

(c) the winding pitch in each section is kept constant 
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or changes gradualy and it changes rapidly at a 
boundary portion between an adjacent section; or 
(d) more than two of the above (a), (b) and (c) are 
combined. 

5 

[0045] Thus, an almost uniform or desired luminous 
intensity distribution characteristic is obtained along the 
tube axis when the winding pitch is made narrow as the 
section departs from the inner electrode 15. 
[0046] Since the fluorescent lamp according to the io 
first and second embodiments are of barrier discharge 
type through the wail of the glass tube with the required 
voltage applied between the outer and inner electrodes, 
a similar operation and results are recognized even in 
such a structure that an inner electrode is provided at 15 
both ends of the glass tube and voltage is applied be- 
tween the outer and inner electrodes using more than 
one power source. Further, a similar operation and re- 
sults are obtained even when the structures described 
are applied to a fluorescent lamp of an aperture struc- 
ture, with a phosphor film formed on the inner surface 
of the glass tube partially removed in a strip shape along 
the axis of the tube. 

[0047] FIG. 8 is a side view of a fluorescent lamp 
showing a third embodiment according to the present 25 
invention and FIG. 9 is its vertical sectional view of the 
fluorescent lamp shown in FIG. 8. In the figures, the 
same or similar component elements as those of the flu- 
orescent lamp shown in FIG. 1 are assigned with the 
same reference numerals therby avoiding the duplicat- 30 
ed explanation and different elements from those in FIG. 
1 will be described below. 

[0048] In the fluorescent lamp according to the 
present embodiment, a winding pitch of an outer elec- 
trode 36 changes in three steps along the axis of the 35 
glass tube 11 . That is, the winding pitch of the outer elec- 
trode 36 is small and becomes dense in a region starting 
from the end of the the glass tube 11 where the inner 
electrode 15 Is provided to portion facing a constricted 
positive column PCs generated when the fluorescent 
lamp is turned on. The winding pitch in a region pV fac- 
ing a diffused positive column PCd appeared adjacent 
to the constricted positive columns PCs is large and 
coarse at the end of the the glass tube 11 where the 
Inner electrode 1 5 Is provided but changes in such man- 45 
ner that it decreases in stepwise according to a distance 
from the inner electrode 1 5. As a result, a point of inflec- 
tion I is formed at the boundary between the region pH 
facing the constricted positive column PCs and the re- 
gion pV facing the diffused positive column PCd. so 
[0049] Further, a region pA is a region starting from 
the end of the the glass tube 11 where the inner elec- 
trode 15 is provided to a portion facing the inner elec- 
trode 15, wherein the winding pitch of the outer elec- 
trode 36 is as small as that in the region pH. 55 
[0050] FIG. 10 is a sectional view of a fluorescent 
lamp according to the present invention showing the 
constricted positive column and the diffused positive 
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column generated at the time when the fluorescent lamp 
is turned on with graphs showing distributions of winding 
pitches of the outer electrode and of luminance in the 
longitudinal direction of a discharge lamp. That is, (a) is 
a sectional view showing an operating state of the fluo- 
rescent lamp. FIG. 10 (b) - (f) are graphs showing ex- 
amples of winding pitch distribution of the outer elec- 
trode. FIG. 10 (g) is a graph showing the luminance dis- 
tribution in the axial direction of the fluorescent lamp. 
[0051] In FIG. 10(b) - (f), a x-axis shows a position x 
(mm) in the axial direction of the lamp tube and a y-axis 
shows a winding pitch n(X)(mm) of the outer electrode. 
[0052] The example shown in FIG. 10(b) shows the 
winding pitch in the third embodiment shown in FIG. 9 
and FIG. 10. That is, the winding pitch in the region pH 
facing the constricted positive column PCs is smaller 
than the winding pitch in the region pV facing the dif- 
fused positive column PCd. Hereinafter, this portion of 
the outer electrode 36 is called as a tube power increas- 
ing means 37. In the region pV facing the diffused pos- 
itive column PCd. the winding pitch in the portion adja- 
cent to the region pH is larger and coaser than that in 
the region pH but it becomes smaller in four steps ac- 
cording to a distance aparting from the inner electrode 
1 5. Further, the winding pitch in the region pA facing the 
inner electrode 15 is the same as that in the region pH. 
[0053] The example of the winding pitch shown in 
FIG. 10(c) is small as a whole in the region pH and pro- 
vides the tube power increasing means 37. However, 
the winding pitch at the end adjacent to the region pA is 
slightly larger than that in the region pA and is increasing 
stepwisely toward an end adjacent to the region pV side, 
thereby being connected to the maximum point of the 
region pV which forms the point of inflection 1. Further, 
the winding pitch in the region pV facing the diffused 
positive column PCd also varies similar to that shown in 
FIG. 10(b) except that it varies in 5 steps differing ff-om 
that in (b). 

[0054] In the example of the winding pitch shown in 
FIG. 10(d), the winding pitch at the end of the region pH 
close to the inner electrode 15 is large. It varies, how- 
ever, from a small value to a large value stepwisely at 
the remaining portion of the region pH which forms the 
tube power increasing means 37. It is then connected 
to a maximum point in a portion adjacent to the region 
pH. In the region pA facing the inner electrode 15d, the 
winding pitch is the same as that at the end of the region 
pH. This is because the luminance is scarcely changed 
by the winding pitch of the outer electrode 36 in the re- 
gion close to the inner electrode 15 even in the region 
pH as in the region pA. Therefore, it is possible to make 
the winding pitch large. 

[0055] In the example of the winding pitch shown in 
FIG. 10(e). the region pH provides the tube power in- 
creasing means 37 as a whole. In the region pH, the 
winding pitch is minimum at the end close to the inner 
electrode 15 and reaches a maximum point at the end 
close to the region pV. It connects to the region pH while 
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varying from the minimum value to the maximum value 
stepwisely and fomis the point of inflection I at the end 
close to the region pV. The winding pitch in the region 
pA is the same as that of the end adjacent to the region 
pH. 5 
[0056] The example of the winding pitch shown in 
FIG. 10(f) is similar to that shown in FIG. 19(e) as a 
whole but differs In that the winding pitch varies contin- 
uously. 

[0057] The luminance distribution shown in FIG. 1 0(g) io 
is obtained by the winding pitch example shown in FIG. 
10(b). In this figure, a x-axis shows a position X(mm) in 
the axial direction of the lamp and a y-axis shows a rel- 
ative luminance (%). From this diagram, it is seen that 
the luminance distribution is substantially uniform in the 15 
entire axial direction of the glass tube 11 ranging from 
the region pH facing the constricted positive column 
PCs to the region pV facing the diffused positive column 
PCd. 

[0058] That is, in the fluorescent lamp, it was recog- 20 
nized that the constricted positive column is generated 
near the inner electrode 15 when the lamp is turned on 
as shown in FIG. 10(a) and that the luminance of the 
lamp at this portion drops lower than the portion wherein 
the diffused positive column is generated. However, ac- 25 
cording to the present Invention, a substantially uniform 
luminance distribution with a high luminance was ob- 
tained by the tube power increasing means provided as 
described above. 

[0059] According to the third embodiment of the 30 
present invention as described above. It is possible to 
Increase the luminance of the portions where a dis- 
turbed diffused positive column or the constricted posi- 
tive column is generated when the fluorescent lamp is 
turned on to substantially the same level as the level of 35 
the luminance in the adjacent diffused positive column 
by providing the lamp with the tube power increasing 
means 37 in which the winding pitch of the outer elec- 
trode 36 is made small at the above portions thereby 
increasing the tube power applied thereto. Accordingly, 40 
it is possible to obtain a fluorescent lamp which emits 
light stably by the uniform luminance distribution along 
the axial direction of the tube. 

[0060] FIG. 11 is a diagram showing a fourth embod- 
iment according to the present invention. In this figure, 45 
(a) is a vertical sectional view of the fluorescent lamp 
and (b) is a graph showing the distribution of the winding 
pitch of the outer electrode. In FIG. 11 (a), the same or 
corresponding portions as those shown in FIG. 10(a) are 
assigned with the same reference numerals and the de- so 
tailed explanations are omitted. Further, a x-axis and a 
y-axis in the graph shown in FIG. 11(b) are the same as 
those shown in FIG. 10(b)~(f). 
[0061] In this embodiment, a pair of inner electrodes 
15, 15* are sealed at both ends of the glass tube 11, 55 
Further, a pair of constricted positive columns PCs are 
generated when the fluorescent lamp is turned on. The 
winding pitch of the outer electrode 46 in the region pH 
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facing the constricted positive columns PCs in the vicin- 
ity of the both ends are made minimum, which formes a 
pair of tube power increasing means 47, 47'. The wind- 
ing pitch is largest at both ends of the region pV facing 
the diffused positive column PCd which are close to the 
inner electrodes 15, 15'and in the region pA facing the 
inner electrodes 15. 15*. Then, the winding pitch de- 
creases stepwisely from both ends to the central portion 
of the tube. Thus, in this embodiment, a pair of tube pow- 
er increasing means 47. 47' are formed at both ends of 
the outer electrode, 

[0062] In the fourth embodiment of the present inven- 
tion described above, as in the third embodiment, whith 
the tube power increasing means 47. 47' being formed 
on the outer electrode 46 and the tube power applied to 
these portions being increased, a fluorescent lamp is 
obtained in which it is possible to raise the luminance of 
these portions to substantially the same level as the lu- 
minance of the diffused positive column portion which 
lies In the center portion of the tube and in which it is 
possible to emit light stably with the uniform luminance 
distribution along the axial direction of the tube, 
[0063] Further, in the embodiment according to the 
present invention, power is supplied to the outer elec- 
trode 46 from the lighting power source (18 in FIG, 2 
and FIG. 9) by connecting a feed line directly to the outer 
electrode 46. 

[0064] Likewise, in other embodiments than this em- 
bodiment, a feed line from the light power source may 
be connected directly to the outer electrode without con- 
necting to the second feeding lead wire 14b one end of 
which is buried in the sealed portion 12b of the glass 
tube 11. 

[0065] FIG. 12 is a sectional view showing an essen- 
tial part of a backlighting device for the liquid crystal dis- 
play of other embodiment according to the present in- 
vention. 

[0066] In FIG. 12. the same component elements as 
those shown in FIG. 1 are assigned with the same ref- 
erence numerals and the detailed explanations are 
omitted. A backlighting device 51 is composed of a light 
conductor 52. a trough-shaped reflector 53. a back re- 
flector 54. a diffusing plate 55 and a condensing plate 
56 which are housed in a case (not shown) as a whole. 
The trough-shaped reflector 53 is provided on the side 
of the backlighting device 51 and contains a fluorescent 
lamp 57 according to the present invention. An addition- 
al set of the trough-shaped reflector 53 and the fluores- 
cent lamp 57 may be provided at the opposite side of 
the backlighting device 51. A liquid crystal display 58 is 
provided on a front panel of the backlighting device 51 . 
This liquid crystal display 58 is illuminated from its back 
by the backlighting device 51 providing a light transmis- 
sion type liquid crystal display 
[0067] The light conductor 52 of the backlighting de- 
vice 51 is composed of a transparent body such as 
transparent acrylic resins having a high refractive index. 
The trough-shaped reflector 53 reflects the light radiated 
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from the fluorescent lamp 57 leading It Into the light con- 
ductor 52 and shades the light of the fluorescent lamp 
from leakage. The back reflector 54 reflects the light 
emitted from the back of the light conductor 52 and emits 
from the front panel of the light conductor 52. Further, 5 
the reflective index of the back reflector 54 can be par- 
tially controlled so that the light is transmitted as uniform 
as possible from the entire surface. The diffusion plate 
55 is provided on the front panel of the light conductor 
52 for diffusing the light emitted forward from the light io 
conductor 52 and for distributing the luminance as uni- 
form as possible. The condensing plate 56 condenses 
the light emitted from the diffusion plate 55 and increas- 
es incident efficiency to the liquid crystal display 56, 
[0068] The fluorescent lamp 57 and a lighting circuit 15 
(not illustrated) have a same structure as those shown 
in FIG. 1. FIG. 6. FIG. 8 or FIG, 11. 
[0069] The present invention has been described 
above In various embodiments. However, this invention 
is not restricted to the above-mentioned embodiments 20 
but can be modified variously within the scope of the 
invention described in the claims. 
[0070] For example, in the above embodiments, the 
fluorescent lamp is described as being suitable for the 
liquid crystal display backlighting device. However, the 25 
fluorescent lamp of this invention is applicable not only 
to liquid crystal displays but also to copying machines 
and other uses. 

[0071] Further, in the above embodiments, this inven- 
tion is described regarding a fluorescent lamp but is ap- 30 
plicable to various kinds of discharge lamps. 
[0072] Further, in the above embodiments, a glass 
tube is used as an airtight container comprising a fluo- 
rescent lamp but, needless to say. it is possible to use 
transparent containers made of other materials includ- 35 
ing quartz. 

[0073] Further, in the above embodiments, the outer 
electrode is fomied with a thin conductor wound round 
a glass tube. However, the outer electrode may be 
formed using such a technology as the evaporation or <o 
spattering of a linear or striped conductor around a glass 
tube. 



Claims 45 

1. A fluorescent lamp comprising: 

a glass tube both ends of which are sealed air- 
tight and a discharge medium filled in the in- so 
side; 

a fluorescent layer formed on the inner wall of 
the glass tube; 

an inner electrode arranged at one end of the 
glass tube which is given with one electric po- ss 
tential; and 

an outer electrode composed of a lineaqr con- 
ductor spirally wound around the glass tube be- 
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tween its both ends at a prescribed pitch along 
an axis of the tube and is given with another 
electric potential, wherein the outer electrode 
is so designed as to satisfy the formula: 

w X n ^ 0.3 

where w(cm) is a width of the conductor 
comprising the outer electrode and n(turns/cm) 
is the average number of turns of the conductor 
in the unit length in the axial direction of the 
glass tube. 

2. A fluorescent lamp according to claim 1, wherein 
the discharge medium is a xenon gas or a mixture 
of a xenon gas and another rare gas. 

3. A fluorescent lamp according to claim 2. wherein 
the outer surface of the outer electrode is covered 
with a translucent resin film layer together with the 
glass tube, thereby fixing the outer electrode to the 
outer surface of the glass tube to form an integral 
part thereof. 

4. A fluorescent lamp according to claim 3, wherein 
specific resistance of the linear conductor forming 
the outer electrode is 2x10"^ O, cm or less. 

5. A fluorescent lamp comprising: 

a glass tube both ends of which are sealed air- 
tight and a discharge medium filled in the in- 
side; 

a fluorescent layer formed on the inner wall of 
the glass tube; 

a first feeding lead wire penetrating one of the 
sealing portions of the glass tube airtight; 
an inner electrode connected to an end of the 
feeding lead wire extended into the glass tube; 
a second feeding lead wire composed of a lin- 
ear conductor which is spirally wound around 
an outer surface of the glass tube along an axial 
direction of the glass tube and an end of which 
is electrically connected to the second feeding 
lead wire; 

wherein the outer electrode is so designed that 
a winding pitch of the linear conductor becomes 
continuously or stepwisely small corresponding 
to a distance from the inner electrode in the ax- 
ial direction of the glass tube. 

6. A fluorescent lamp according to claim 5, wherein 
the discharge medium is composed of a xenon gas 
or a mixture of axenon gas with another rare gas. 

7. A fluorescent lamp according to claim 6, wherein 
the outer surface of the outer electrode is covered 
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with a translucent resin film together with the glass 
tube, thereby fixing the outer electrode to the outer 
surface of the glass tube to fomi an integral part 
thereof, 

5 

8. A fluorescent lamp according to claim 7, wherein 
one end of the second feeding lead wire is buried 
in the other sealing portion of the glass tube and the 
other end of the second feeding lead wire is led out 

of the glass tube. ^ ^ 

9. A fluorescent lamp according to claim 7, wherein 
specific resistance of the linear conductor forming 
the outer electrode is 2 x 1(H ft cm or less. 

16 

10. A fluorescent lamp comprising: 

a slender and translucent tube with sealing por- 
tions fomned at its both ends; 
a phosphor film fonmed on an inner surface of 20 
the translucent tube; 

a discharge medium containing rare gas filled 
in the translucent tube; 

a first feeding lead wire penetrated one of the 
sealing portions of the translucent tube and 25 
sealed therein airtight; 

an inner electrode provided at an end of the first 
feeding lead wire, and 

an outer electrode composed of a linear con- 
ductor which is spirally wound around the trans- 30 
lucent tube for almost entire length of the tube 
In its axial direction and an end of which is con- 
nected to the second feeding lead wire; 
wherein the outer electrode Is provided with a 
tube power increasing means at a portion 35 
where a disturbed diffused positive column or 
a constricted positive column is generated in 
the translucent tube when the fluorescent lamp 
is operated. 

40 

11. A discharge lamp according to claim 10, wherein 
the winding pitch of the spirally wound linear con- 
ductor at the tube power increasing means is small- 
er than a winding pitch at the portion facing an ad- 
jacent diffused positive column. 4$ 

12. A discharge lamp according to claim 11. wherein the 
winding pitch of the linear conductor of the outer 
electrode at the portion facing the diffused positive 
column becomes small as it aparts from the inner so 
electrode. 

13. A fluorescent lamp according to claim 12. wherein 
the discharge medium is composed of a xenon gas 

or a mixture of a xenon gas with another rare gas. 55 

14. A fluorescent lamp according to claim 13, wherein 
the outer surface of the glass tube Including the out- 
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er electrode is covered with a translucent resin film 
layer, thereby fixing the outer electrode to the outer 
surface of the glass tube to form an integral part 

thereof. 

15. A fluorescent lamp according to claim 14, wherein 
specific resistance of the linear conductor forming 
the outer electrode is 2 x 10-^ O cm or less. 

16. A discharge lamp comprising: 

a long and slender translucent airtight contain- 
er; 

a phosphor film formed on an inner surface of 

the translucent container; 

an inner electrode provided in the translucent 

airtight container; 

a discharging medium primarily composed of a 
rare gas filled in the translucent airtight contain- 
er; and 

an outer electrode composed of a conductive 
coil which is substantially in contact with an out- 
er surface of the translucent airtight container 
extending along its longitudinal direction apart 
from the inner electrode and which enables to 
generate discharge in the translucent container 
between the outer electrode and the Inner elec- 
trode; 

wherein the outer electrode containes at least 
one point of inflection where the winding pitch 
of the coil change from a small value to a large 
value. 

17. A discharge lamp comprising: 

a long and slender translucent airtight contain- 
er; 

a phosphor film formed on the inner surface of 
the translucent container; 
a pair of inner electrodes sealed in the translu- 
cent container at both ends; 
a discharge medium primarily composed of 
rare gas filled in the translucent airtight contain- 
er; and 

an outer electrode formed with a linear conduc- 
tor coil which Is wound around the outer surface 
of the translucent airtight container along a lon- 
gitudinal direction of the translucent airtight 
container at a prescribed pitch and which gen- 
erates the discharge between the outer elec- 
trode a nd the pair of inner electrodes; 
wherein the winding pitch of the outer electrode 
becomes minimum in a region pH facing a pair 
of constricted positive columns PCs generated 
in the translucent airtight container when the 
fluorescent lamp is in operation, becomes max- 
imum at both ends in a region pV facing a dif- 
fused positive column PCd generated in the 
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translucent airtight container, and decreases 
stepwisely from the both ends toward the cen- 
tral portion. 

18. A discharge lamp comprising: s 

a slender and translucent tube having sealing 
portions formed at its both ends and being filled 
with a discharge medium; 
an inner electrode which Is arranged at one end io 
of the translucent tube and is given with an 
electric potential; and 

an outer electrode which is composed of a lin- 
ear conductor which is spirally wound around 
the translucent tube between the both ends is 
along an axis of the translucent tube at a pre- 
scribed pitch and is given with another poten- 
tial; 

wherein the outer electrode is so designed as 
to satisfy the formula: 20 

w X n ^ 0.3 
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tight one of the sealing portions of the translu- 
cent tube; 

an inner electrode provided at an end of the first 
feeding lead wire; and 

an outer electrode composed of a linear con- 
ductor which is spirally wound around the trans- 
lucent tube for almost entire length in an axial 
direction of the tube and an end of which is con- 
nected to a second feeding lead wire; wherein 
the outer electrode is provided with a tube pow- 
er increasing means at a portion facing a dis- 
turbed diffused positive column or a constricted 
positive column generated in the translucent 
tube when the discharge lamp is in operation. 

21 . A liquid crystal display backlighting device compris- 
ing: 

a main body; 

a fluorescent lamp according to one of claims 
1 through 15 provided to the main body; and 
a lighting circuit to turn on the fluorescent lamp. 



wherew(cm) is the width of the linear con- 25 
ductor forming the outer electrode and n(times/ 
cm) is the average number of turns of windings 
per unit length in the axial direction of the trans- 
lucent tube. 

19. A discharge lamp comprising: 

a translucent tube with a phosphor film formed 
on the inner surtace and a discharge medium 
filled in the inside; 

a first feeding lead wire penetrating one of the 
sealed portion of the translucent tube airtight; 
an inner electrode connected to the end of the 
feeding lead wire extended in the translucent 
tube; and 

an outer electrode composed of a linear con- 
ductor spirally wound around the outer surtace 
of the translucent tube along its axial direction 
and is electrically connected to a second feed- 
ing lead wire; 

wherein the outer electrode is so designed that 
the winding pitch of the linear conductor be- 
comes smaller continuously or stepwisely in the 
axial direction of the translucent tube according 
to a distance from the inner electrode. 

20. A discharge lamp comprising: 

a translucent tube having sealing portions 
formed at its both ends; 55 
a discharge medium including rare gas filled in 
the translucent tube; 

a first feeding lead wire sealed penetrating air- 
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□ BLACK BORDERS 



□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: . . . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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